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TITLE 

COMPACT MICRO-POROUS MEDIA DEGASSER 
BACKGROUND OF THE INVENTION 
[0001] The present invention is related to purification of molten metal. More 
particularly, the present invention is directed to the removal of hydrogen gas and 
insoluble impurities &om molten aluminum. 

[0002] Hydrogen is the only gas with significant solubiUty in molten aluminum. 
The solubiUty of hydrogen in molten aluminum is iUustrated in Fig. 1. As the 
temperature of molten metal decreases to Ihe soUdification temperature the solubility of 
hydrogen drops significantly. This significant drop results in the formation of 
undesirable micro-shrinkage and porosity in the final soUdification structure. As 
indicated in Fig. 1, about 5% of the hydrogen in the molten aluminum remains after 
completion of the soUdification. The remaining 95% is rejected into the Uquid until the 
concentration reaches the point where a hydrogen gas bubble is formed. 
[0003] Contact of molten aluminum with ambient water moisture is nearly 
unavoidable under reasonable manufacturing conditions. Unfortunately, molten 
aluminum is highly reactive and can easUy reduce, or decompose, any water present by 
the reaction: 

H20(g) + %Aia) => >/3Al203 + 2H 

[0004] The removal of hydrogen down to an accej)table levfel prior to solidification 
is required to obtain a metallurgicaUy sound ingot or casting. The industry accepted 
practice to remove or lower the dissolved hydrogen content is to bubble an inert or semi- 
inert purging gas directiy tiirough the molten aluminum prior to casting and 
soUdification. The technology related to purging molten aluminum witii inert gas is 
exonpUfied in U.S. Pat. No. 5,340,379. 

[0005] Hydrogen dissolved m molten aluminum exhibits a high vapor pressure 
relative to common aUoying constituents and impurities. Therefore, hydrogen can be 
preferentiaUy removed by purging with inert gas or by vacuum treatment. Hydix)gen 
dissolved in molten metal is removed by the recombination of molecular hydrogen to 
form hydrogen gas based on the following reaction: 
H = i4H2(gds) • 

[0006] The chemical equiUbrium (Kh^) of tiie reaction is a fimction of tiie partial 
pressure (p) given by: 
KH2 = pH2^ 
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[0007] For pure molten aluminum Kh, is given by: 
Ln (Kh) = ,5869/T + 3.282 

[0008] There are several ways to directly introduce purging gas into molten 
aluminum to reduce the hydrogen content. A common method includes the use of a 
simple pipe or lance, a porous plug, a spimiing nozzle degasser or a high-pressure 
nozzle injection. Exemplary references include U.S. Pat. Nos. 5,340.379; 5,660,614; 
6,056,803 and references cited therein. 

[0009] . The rate of removal, and the final hydrogen value obtained, is dependent on 
several parameters such as the metal temperature, thermodynamic solubility, purging 
gas flow rate, metal flow rate in the case of continuous degassing, fomace size in the 
case of static degassing, gas removal ratio and bubble size or surface area. For a given 
purge gas flow rate the hydrogen removal rate is controlled by the bubble size. The 
finer the bubble size the higher the rate of diffusion and therefore the higher the rate of 
removal. A simple lance or tube produces a very large bubble size and therefore results 
in a relatively slow removal rate. The removal rate is improved by introducing the gas 
through a porous plug or by a spinning rotor that shears the gas stream into fine bubbles. 
The finer bubble size results in increased contact surfece area with an increased transfer 
rate and slower bubble ascent rate based on the smaUer Stoke's diameter. 
[0010] There are several limitations in usmg inert gas bubbles to remove hydrogen 
fiom molten aluminum. Efficient removal requires the gas bubbles to be relatively 
smaU in order to maximize contact surfece area. The smaUest gas bubbles are typicaUy 
obtained with a rotary impeUer degasser. The degassers are capable of producing very 
fine bubbles that can remain suspended for a long period of time. As a result rotary 
impeller degassers are normally instaUed a relatively far distance from the casting 
machine in order to allow sufficient tune for gas bubbles to separate by flotation, lids 
distance also allows ample time for re-absoiption of hydrogen back into the molten 
aluminum from atmospheric moisture as weU as moisture containing refractory contact 
materials. The lowest achievable hydrogen content is temperature dependent based on 
hydrogen solubiUty-temperature equiUbrium. The lower the temperature at which the 
hydrogen removal process is conducted, the lower the final hydrogen content at 
soUdification. IdeaUy. hydrogen removal should be made just prior to the onset of 
solidification, which is not compatible wifli gas purging. 

[0011] While rotary impeUer degassers are sufficient for generating fine bubbles 
other problems are created by their use. It is known that filtration, utilizing either a 
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deep bed or ceramic foam filter, is required in addition to degassing. These combined 
systems typically utilize a significant amount of floor space and require that the molten 
metal be held beWeen casts in one, or both, treatment units. Holding molten metal 
creates specific problems. First, an external heat source must be employed to maintain 
the temperature of the molten metal between casts. This requires an elaborate heating 
system which is a significant capital expense and has an attendant energy consumption 
which is expensive and variable. Secondly, the treah^ent unit must be drained and 
refiUed to change the alloy composition! Draining and refillmg is a significant drain on 
resources requiring non-production labor cost, converaion cost, and productivity losses 
due to the equipment downtime required for tiie transition. A compact degasser has 
been described in PJD. Waite. "Improved Metallurgical Understandmg Of The Alcan 
Compact Degasser After Two Years Of Industrial Implementation In Aluminum Casting 
Coherence Proceedings at the 1?,7*^ TMS/ATMF. Ann„oi ^a..^^^ gan Antonio, 
Feb. 1998, pages 791-796. This system, while fully drainable, is not compact by curreni 
standards. The system also requires substantial anciUary support equipment for the 
launder including a degassing hood, baffle plates, drive modules including rotors, lifting 
mechanism, fume exhaust system, PLC panel and inteifece/gas mixing panel. 
[0012] A particttlar problem with tiie prior art methods of degassing aluminum is the 
difficulty associated witii monitoring the efficiency of the degassing operation. It is 
well known that a system which can not be effectively monitored can not be optimized 
for performance. 

[0013] Summarily, the art has been lacking a suitable degassing and filtering system 
and apparatus. 

SUMMARY OF THE INVENTION 
I0014J It is an object of the present invention to provide an improved apparatus, and 
method, for degassing molten metal, preferably aluminum. 

[0015] It is another object of the present invention to provide an apparatiis, and 
method, for degassing molten metal, preferably aluminum, which is efficient and which 
requires a lower investinent with regards to equipment and space than previous methods. 
30 [00161 It is anotiier object of tiie present invention to provide an apparatus, and 
metiiod, for degassing aluminum whereby tiie efficiency of the degassing operatiol can 
be monitored for efficiency and optimized for perfonnance. 

[0017] A particular feature of flie present invention is tiie abiUty to incorporate tiie 
invention in existing environments with minimal alterations. 
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[0018] Another particular feature of the present invention is the abiUty to 
incorporate the invention into new installations thereby greatly enhancing the efficiency 

of the casting operation. 

[0019] These and other advantages, as vvill be realized from the description hetem. 
are provided in a degasser. 10. for molten metal with a microporous plate. 11. The 
microporous plate has at least one mtemal passageway, 13. and an interfaci tube, 12, 
attached to the microporous plate in flow communication with the internal passageway. ' 
[00201 Yet another embodiment is provided in a method for purifying molten metal. 
The method includes melting metal to form molten metal. The molten metal is passed 
through a contaimnent vessel wherein the containment vessel has a degasser and the 
degasser has a microporous plate with at least one internal passageway and an interface 
tube attached to the microporous plate and in flow communication with the internal 
passageway. Hydrogen is removed from the microporous plate through the interfece 
tube. • •'■ 

[0021] A particularly preferred embodiment is provided in apparatus for purifying 
molten metal. The apparatus has a containment vessel with an inlet throat and an outlet 
throat. A degasser is between the mlet throat and the outlet throat. Hie degasser has a 
microporous plate with at least one intemal passageway and an inteifece tube attached 
to the microporous plate in flow communication with theintemal passageway. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00221 Fig. 1 is a chart depicting solubiUty of hydrogen in aluminum. 
[00231 Fig. 2 is a cross-sectional view of a degasser plate of the present invention. 
[00241 Fig. 3 is a front cross-sectional view of a degasser plate of the present 
invention. 

[0025] Fig. 4 is a cross-sectional side view of the degasser plate of Fig. 3. 

[0026] Fig. 5 is a perspective schematic view of a degasser plate of the present 

invention as visualized during use. 

[0027] Fig. 6 is a schematic view of an embodiment of the present invention as 
employed in a casting launder. 

[0028] Fig. 7 is a top view of an embodiment of the present invention as employed 
in a filter bowl. 

[0029] Fig. 8 is a cross-sectional schematic view of an embodiment of tiie present 
invention. 

[0030] Fig. 9 is a cross-sectional view of an embodunent of the present invention. 
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10031] Fig. 10 is a cross-sectional view of an embodiment of the present invention 

being heated prior to use. 

[0032] Fig. 11 is a perspective view of a preferred embodiment of the present 
invention. 

DETAILED DESOUPTION OF THE INVENTION 

[0033] The present invention is specific to an apparatus, and method, for degassing 
alummum which is compact, efficient, and which can be monitored for optimization In 
general, the present invention utili^s a micro-porous plate, or panel, which is immersed 
in the molten metal and which removes hydrogen by diffusion into the plate for removal 
by purge or vacuum. ITie invention will be described with reference to the various 
drawings which form an integral part of the present invention. The drawings are 
Illustrative and not intended to limit the invention. In the various drawings similar 
elements will be numbered accordingly. 

[0034] The porous media degasser comprises a micro-porous plate, or panel, that is 
submerged into the molten metal such as aluminum, steel, copper or iron, to be 
degassed. An embodiment of the present invention is illustrated m Fig. 2. wherein the 
degasser. generally represented at 10. is shown in cross-sectional view. Tho degasser 
10. comprises a micro-porous plate. 1 1. with at least one interface tube. 12. interfaced to' 
intemal passageways. 13. TTie upper extent of the plate, 1 1, comprises a seal, 14 TT^e 
mterfece tube. 12. removes hydrogen gas by vacuum or by purging. In a vacuum 
arrangement the interfece tube. 12, is attached to a vacuum which causes a decreased 
pressure in the plate. Any gases contained therein are removed. With a vacuum 
arrangement a single interface tube, and passageway, can be employed but multiple 
mterfece tubes and passageways are preferred. In a purge arrangement a non-reactive 
puigmg gas. preferably argon or nitrogen, is introduced to one interface tube and 
exhausted from the other interface tube. The exhaust can be with vacuum assist if 
desired. 

[0035] The interface tubes are non-porous, preferably metal or dense ceramic such 
as graphite, boron nitride, alumina, zirconia or muUite. Preferably, the interfece tubes 
could be constructed of steel or austenitic stainless steel. The tubes can be coated to 
prevent dissolution, with a material such as plasma coated alumina or zireonia or 'the 
tubes could be coated with a material such as boron nitride. 

[0036] While not Ihnited to any theory, the fonction of the interface tubes and 
associated intemal passageways is to provide a continuous flow of purging gas. The 



wo 2004/111281 

PCT/US2004/018594 

flowing purging gas continuously removes hydrogen gas which is formed by hydrogen 
atoms diffusing into the porous plate and reacting fterein to, fo„n 
continuously removing the hydrogen gas a high driving fore is main.ain«i fo^ fl^e 
<M«.on of hydrogen atoms, or cations, into fl» plate. Eid^r a purge or a vac«m, 
amoves a.e hydrogen by the same basic mech^usm baaed on tte partial pressure of 
hydrogen in fl» plate relative to the molten metal. 

[0037] presence of hydrogen m argon has a sigmfican, impact on the thermal 

oonduchvity. TOs change in th«mal conductivity can be measured and quantified using 

10 ZTT. ""^^ '^^^ ^ flow 

and a« /. hydrogen gas u. fl.e argon, based on the conductivity, tixe performance of the 

d^er can be measuted in real-time and fl,e performance optimized witt, regarfs to 

flow rates and volumes of puree air Due fn ih. >«.h.n«j ^ 

purge djr. uue to the enhanced ability to moniftir efficiency a 

purge system is preferred over a vacuum system. 

[0038] the purge gas pressure is lower in the micro-porous phte Sum the 

15 su^unding metaUos«.tic pressure, the purge gas is retamed in the micro-porous.plato 
me micro-porous plate is strucftnaUy designed such that fl« micro-porous material is 
no. penetrated by die molten metal but is pemieable wifli respect to the hydrogen cation 

m the molten metal. 

[00391 IHe micn,.porous plate microstmctuie and material are selected such that 
20 -PiHary penetration ofthe molten metd into the micro-pon,us material 

Matenal fectors that control capillary penetration are the molten surface energy (y,) the 
metal-material angle (9), and the metallostatic head pressure (Hp). The critical 

metallostatic pressure (Hp) required to penetrate a micro-porous material is defined as- 
Hp > 4 (cos e)/gp<j) 

25 [0040] wherein. Hp is die critical pressure for capillary penetration, ia the 
mterfacialsurftce energy betweo, die poKius media and die molten atammmn eistiie 
contact wetting angle of molten aluminum on die porous media, g is Newton's instant 
P ia theliquid metal density and ♦ is die pore opening size of die porous metal' 
Herefore. die calculated Hp must be substatiaUy higher dian die actual capillary 

30 pressure at a given immersion depth. 

10041] By selecting a micro-porous material wid, appropriate y, and 6 values for a 
given molten metal immersion depdi to maintain a sufBcienfly high H„ die micro- 
porous plate will reds, capillary penefiradon of d« molten metal ye, wiU remain 
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permeable to both the hydrogen gas and the purge gas required to remove the hydrogen 
gas. 

[0042] A wide range of porous material would be suitable for demonstration of the 
present invention within the context of permeability, as set forth previously, and the 
5 understood desire to have a non-reactive material. 

[0043] Particularly preferred materials include rigidized vacuum formed fiber 
boards, open ceU reticulated ceramic foam, ceramic foam with micro-porous coating, 
bonded particle materials and ceramic materials where an organic pore former material] 
such as wahiut flour, organic microspheres, saw dust or the like is added to the slun^ 
1 0 and is burned out during firing. 

[00441 Rigidized vacuum formed fiber boards are materials based on aluminum 
siUcate, siUca, magnesium sUicate or alumina fibers typically bonded with either 
colloidal siUca or alumina. The fiber microstructure is extremely fine and open with 60- 
70% open pore volume. TTiese materials have excellent thermal shock resistance due to 
15 their discontinuous fiber matrix. Vacuum formed fiber boards have low thermal 
diffusivity and therefore do not chiU, or freeze, Ae molten aluminum on initial contact. 
Commercial rigidized vacuum formed boards are available commercially form either 
Zircar Ceramics Inc. of Florida, NY or Rath Performance Fibers of \^ihnington DE. 
[0045] Open cell reticulated ceramic foams are completely open cell with a 
discontinuous structure. To prevent metal penetration a relatively fine pore size, 
preferably greater than 60 pores per inch, would be necessary unless coatings weri 
incorporated to form a micro-porous coating. 

[0046] An alternative embodiment is iUustrated in front cross-sectional view in Fig. 
3. A side cross-sectional view is provided in Fig. 4. The degasser of Figs. 3 and 4, 
comprises a hoUow, micro-porous plate, 20, with at least one interface tube, 12, in flow 
communication with a cavity, 21, interior to the plate. A particular advantage of tiie 
embodiment of Figs. 3 and 4 is tiie elimination in pressure drop caused by the purge gas 
being forced to migrate through the porous material. 

[0047] It is preferred that the micro-porous plate be submerged entirely below tiie 
surface of tiie molten metal to avoid creation of a flow patii to ambient atmosphere. A 
top perspective schematic view of a degasser of tiie present invention as employed is 
provided in Fig. 5. In Fig. 5, tiie degasser, 10, comprising a pair of interface tubes, 12 
and 12', is submerged in molten metal. 24, in a crucible, 25. Purge gas is provided by a 
source, 26, to tiie interface tube. 12. and exhausted from interfece tube, 12', witii 
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hydrogen gas included therein. An auxiliary unit. 27. such as a vacuum pump or 
thermal conductivity analyzer is in flow communication vvith the exhaust interface tube 
12'. 

[0048] In a continuous casting process the micro-porous plates could be installed in 
a wide range of locations depending on the specifics of the castmg operation. In the 
case of billet or ingot castmg the micro-porous plates could be installed in a casting 
launder as illustrated in Fig. 6 wherein the launder may be before or after the filter bowl 
In the embodiment illustrated in Fig. 6, a multipUcity of degassers. 10. each with an inlet 
interface tube. 12. and exhaust inteifece tube. 12' are employed in a casting launder, 90. 
The multiplicity of inlet interfece tubes. 12. are in flow communication with a gas 
manifold. 30, for supply of non-reactive gas to the degassers. Similarly, the multiplicity 
of exhaust interfece tubes. 12'. are in flow communication with an exhaust manifold, 
30'. It Would be itaderstood that each degasser may have a unique gas supply and 
exhaust and that different degassers may have different arrangements. For example, in a 
multiple degasser arrangement, some degassers may employ a purge mechanism ^le 
others may employ a vacuum mechanism. 

[0049] The degasser may be employed in the filter bowl as iUustrated in Fig. .7, 
wherein the degasser, 10, and interface tubes, 12. are as described previously, and thJ 
filter bowl is indicated at 33. The filter, 34. is preferably a porous ceramic filter. 
[0050] In continuous strip casting the porous plates could be installed in the casting 
launders, filter bowl, head box or embedded within the casting tip.. 
[0051] The degasser may be integral to the launder as iUustrated in Fig. 8. In Fig. 8, 
the interface tubes, 12, are in flow communication with a cavity, 40. The interior waUs,' 
41, are porous a^ set forth previously. The exterior waUs, 42, are preferably non-porous' 
or, alternatively, the exterior shell. 43. prohibits purge gas from exiting the localized 
environment of the launder. 

[0052] A preferred embodiment of the present invention wiU be described with 
reference to Fig. 9. In Fig. 9, the micro-porous plate degasser, generally represented at 
50. comprises a refractory containment vessel. 51, comprising an inlet throat, 52, and 
outlet throat, 53. The inlet throat receives molten metal and directs it through the vessel 
towards the outlet throat and to a recomiecting launder, or subsequent device, which is 
not shown. 

[0053] Between the inlet throat and outlet throat is a degasser plate. 54, and optional 
filter. 55. The molten metal preferably passes through the degasser plate for degassing, 
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as described previously, followed by flowing through the filter wherein insoluble 
materials are removed. In other embodiments the degasser can be downstream of the 
filter and in retrofit appUcations this may be preferred due to immutable restraints such 
as space, cost, overall layout etc. Tho filter can be removed, or not incorporated, when 
filtration is not required or is accomplished separately. 

[0054J The degasser. 54. comprises a degasser plate, 56. and an associated interfece 
tube. 57. located in a recess. 58. TTie recess is preferably tapered, wherem a substantial 
portion of the molten metal must go through, not around, the degasser plate 56 A 
vacuum is drawn through the interfece tube, 57. as described previously. Alternatively 
a second interfece tube, and purge gas, may be employed as previously described. 
[0055] The filter is preferably separated firom the degasser. 54, by an equalization 
space, 60. to allow the degassed molten metal to spread over the surface of the filter 
element to improve filtration efficiency. The equalization space is preferably at least 
about 6 mm to about 55 mm. Below about 6 mm the separation is insufficient to insure 
adequate spread of the molten metal over the surface of the filter. Above about 55 mm 
the advantages dimmish resulting in an increased size of the entire system which is not 
desirable. 

[0056J After passing through the degasser plate and filter, in either order, the molten 
metal enters a first transition region. 61, comprising a downward sloped floor. 62. and a 
drain plug. 63. at the lowest extent of the floor. The drain plug. 63. can be removed to 
drain the entire apparatus. After the first Iransition region the molten metal enters a 
second transition section. 64, which comiects the degasser assembly to a downstream 
apparatus such as a transition launder, mold, transport assembly or the like. The second 
transition section is preferably oriented such that any non-forced flow would be towards 
the drain plug to feciUtate draining of the degasser assembly. The first transition section 
and second transition section, taken together, represent the outlet throat, 53. It is 
ptefened that the degasser assembly be dramed between casts. When molten metal is 
not drained between casts it would be realized by those of skill in the art that an external 
heater is desired to maintain the stagnant metal in a molten state. 
30 10057] The orientation of the degasser plate is preferably horizontal, relative to 
ground, with molten metal flowing down through the plate. This orientation insures that 
the molten metal flows over the entire surface and therefore maximizes efficiency. The 
degasser assembly, and plate, may be in any orientation and molten metal may flow 
upward in a forced flow orientation if desired. 
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[00581 The filter may comprise multiple filter plates with the multiple plates having 
the same or different porosity. When multiple filter plates are employed it is preferred 
that they be separated to aUow the molten metal to spread evenly over the fece of the 
second filter. MuW-plate configurations are described in U.S. Pat. No. 5.673.902. 
[0059] Prior to passing molten metal through the degasser assembly it is preferable 
to preheat the filter, degasser and contaimnent vessel to prohibit localize soUdification 
of molten metal as it contacts a cooler surface. A preheater is preferably inserted into 
the outlet throat, as illustrated in Fig. 10. In Fig. 10. the heater. 70. is inserted into the 
outlet throat, 53. and heat is directed in a counterflow direction, relative to metal flow, 
to heat the interior walls of the containment vessel as well as the filter and degasser. 
[0060] A particular preferred degasser plate is illustrated in Fig. 1 1. In Fig. 11, the 
degasser plate. 80, comprises a multipUcity of passages, 81, through the plate. While 
not limited to any theory, the passages allow molten metal to pass through thereby 
reducing the diffusion path length for the dissolved hydrogen to reach the removal 
mterface and increasing the contact surface area for hydrogen removal. 
[0061] The passages have an equivalent diameter of at least about 500 microns to no 
larger than about 50 mm. More preferably, the passages have an equivalent diameter of 
1 to 10 mm and more preferably about 5 to about 7.5 mm. Equivalent diameter is the 
diameter of a circle with the same cross-sectional area as the passage. Round passages 
are preferred due to manufacturing convenience 

[0062] The spacing between passages, measured fiom the center of each passage, is 
preferably about to 10 times the hole diameter. Optimum hole spacing is about 3 mm 
to about 10 nim. The pattern of passages is preferably either simple orthogonal or close 
packed array with close packed array being preferred. 

[0063] The degasser plate thickness can range from about 3 mm to about 200 mm. 

If passages are employed the plate can be thicker than if passages are not employed. A 

plate thickness of about 25-100 mm is most preferred for standard operations. 

[0064] The preheater is preferably a medium velocity burner with excess air 

capabiUty. Burners using above 100%, excess air, are preferred and the degasser 

assembly and filter assembly are heated by convective heat transfer. 

[0065] The present invention has been described with particular reference to the 

preferred embodunents which are intended to illustrative but are not to be considered 

limiting. Other configurations, alterations and embodiments could be realized fiom the 
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teachings herein without departing from the scope of the invention which is set forth 
more clearly in the claims appended hereto. 
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